Tau pathology has been associated with neuronal loss at autopsy, but the temporal evolution of tau pathology and atrophy remains unclear. Here, we investigate the association between cross-sectional AV-1451-PET as a marker of tau pathology and cortical thickness cross-sectionally. We also investigated retrospective rates of cortical thinning over the three years preceding the AV-1451 scan in a clinically normal cohort of 103 older adults from the Harvard Aging Brain Study. Tau measurements were Geometric Transfer Matrix partial volume corrected standardized uptake value ratios (SUVRs) with a cerebellar gray reference region. Thirty-four FreeSurfer-defined cortical regions of interest (ROIs) were used for both thickness and AV-1451 in each hemisphere, with seven additional volumetric ROIs. We examined "local" relationships between AV-1451 and cortical thickness in the same ROI, as well as inferior temporal AV-1451 and all thickness ROIs. All models included baseline age and sex, both interacting with time in retrospective longitudinal models, as covariates. Cross-sectional models controlled for the number of days between the two scans. Cross-sectional local comparisons revealed significant associations between elevated AV-1451 and thinner cortical ROIs predominantly in temporal regions, while analyses associating inferior temporal AV-1451 with all cortical ROIs showed a widespread pattern of significant relationships, which was strongest in temporal and parietal cortices. In our retrospective longitudinal analyses, we saw significant relationships in temporal and parietal regions. Significant local relationships were seen in right superior temporal, middle temporal, temporal pole, and fusiform, as well as the left cuneus and banks of the left superior temporal sulcus. Significant relationships between inferior temporal AV-1451 and faster thinning were observed in right temporal regions (middle temporal and fusiform) and bilateral parahippocampal cortices. We observed significant negative relationships between local and inferior temporal AV-1451 signal and both cross-sectional cortical thickness and rates of thinning in lateral and medial temporal regions. This is an important early step toward elucidating the relationship between tau pathology and retrospective longitudinal atrophy in aging and preclinical AD.
Introduction
Tau pathology in the form of neurofibrillary tangles (NFTs) is a pathological hallmark of Alzheimer's disease (AD). NFTs accumulate in a well-characterized progressive pattern. Tangles begin in the medial temporal lobe (MTL; Braak Stage I/II), spread to nearby neocortical regions predominantly in the lateral temporal lobe (Braak Stage III/ IV) , and then spread throughout the neocortex (Braak Stage V/VI) (Braak and Braak, 1991) . Neuropathological research has shown a positive correlation in AD patients between NFT burden and disease severity, cognitive performance, and neuronal loss at autopsy (Arriagada et al., 1992; Bierer et al., 1995; Csernansky et al., 2004; Gómez-Isla et al., 1997; Mitchell et al., 2002; Nelson et al., 2012) .
Tau accumulation is not unique to AD patients. Tangles in the MTL corresponding to Braak Stage I/II are widely observed in cognitively normal (CN) older adults and appear to develop independently of betaamyloid plaques, a second hallmark of AD. Additionally, tangle density in the MTL, NFT spread to the neocortex (Braak Stage III/IV), and incidence of cognitive impairment all increase with advancing age (Braak and Braak, 1997; Knopman et al., 2003; Price and Morris, 1999) . There is evidence that increased AD pathology at autopsy is related to subtle cognitive impairments in neuropsychological testing even in elderly with no history of clinical impairment, indicating that these molecular pathologies are likely present in preclinical AD (Guillozet et al., 2003; Hulette et al., 1998) . Because autopsy studies are inherently cross-sectional, the temporal relationship between the development of tau pathology, changes in brain structure and function, and progression to AD remains unclear.
Studies of in vivo NFT pathology have been ongoing, but have previously relied on cerebrospinal fluid (CSF) measures, which correlate with NFT pathology in AD (Tapiola et al., 1997) , as well as PET measures Chhatwal et al., 2016 , but which lack information regarding the topology of tau pathology as it relates to neurodegeneration. The recent advent of tau-PET imaging ligands, in particular 18 F AV-1451-PET ( 18 F T807-PET) (Xia et al., 2013) , allows us to examine both the spatial pattern of tau pathology in vivo and the relationship between NFTs and other markers of neurodegeneration. Early imaging results showed that AV-1451 signal was elevated in individuals with mild cognitive impairment (MCI) and AD compared to healthy elderly controls (Chien et al., 2013) and a preliminary autoradiography study in individuals who had previously received AV-1451 scans found that the ligand held promise as a marker of AD-like tau pathology (Marquié et al., 2015) . Subsequent studies have shown a positive relationship between AV-1451 signal and older age, worsening clinical diagnosis, and greater cognitive impairment (Jack et al., 2016; Johnson et al., 2016; Schöll et al., 2016; Villemagne and Okamura, 2016; Wang et al., 2016) . The present study seeks to elucidate the relationship between AV-1451 signal as a measure of tau pathology and brain atrophy, as assessed by longitudinal MRI. Using data from cognitively normal older adults from the Harvard Aging Brain Study (HABS), we investigated the relationship between tau pathology and atrophy using both concurrent cross-sectional cortical thickness measured within a year of AV-1451 imaging (mean 139 days), and longitudinal measures of cortical thinning over the three years preceding AV-1451 imaging. We hypothesized that participants with higher tau pathology would show both thinner cortical regions cross-sectionally, and a faster rate of longitudinal cortical thinning, examined retrospectively. Lastly, we examined associations between tau burden and local cortical thinning, as well as distributed patterns of cortical atrophy.
Materials and methods

Participants
Data from 103 participants in HABS, a longitudinal study of normal aging and preclinical Alzheimer's disease at the Massachusetts General Hospital (Dagley et al., 2015) , were included in the present study. Here we refer to preclinical AD in the sense of a cognitively normal elderly cohort that can be characterized in terms of NIA-AA criteria (Jack et al., 2012; Sperling et al., 2011) and recently updated to include tau-PET imaging (Jack et al., 2016) . All participants provided informed consent and were studied under protocols approved by the Partners Human Research Committee. All participants underwent a comprehensive evaluation to ensure they had no medical or neurological disorders that might contribute to cognitive dysfunction. At study entry, all participants were assessed as clinically normal (CDR = 0, MMSE > 25, and performance within 1.5 standard deviations of ageand education-adjusted norms on the Logical Memory Delayed Recall), without current clinical depression (Geriatric Depression Scale < 11) or active psychiatric illness (Folstein et al., 1975; Morris, 1993; Wechsler, 1987; Yesavage et al., 1983) . Participants were also excluded from the study if they had a history of alcoholism, drug abuse, or head trauma. As AV-1451 PET was added to the study protocol after the start of the study, 10 participants had progressed to a global CDR of 0.5 by the time of AV-1451 imaging. Notably, the presented analyses were conducted both with and without including these 10 mildly impaired participants, and the pattern of results remained largely the same. Accordingly, all 103 participants were retained in the final analyses. A schematic of the study's progression from baseline to the time of the AV-1451 scan can be found in Supplementary Fig. 1 . Participant demographic data is shown in Table 1 .
Image acquisition and processing
As described previously , AV-1451-PET ( 18 F T807-PET) was prepared at Massachusetts General Hospital in Boston, MA with a radiochemical yield of 14 ± 3% and specific activity of 216 ± 60GBq/µmol at the end of synthesis (60 min), and validated for human use (Shoup et al., 2014) . Data were acquired using a Siemens/CTI ECAT HR+ scanner (3-dimensional mode, 63 image planes, 15.2 cm axial field of view, 5.6 mm transaxial resolution, and 2.4 mm slice interval), and acquisition took place 80-100 min after a 9.0-11.oCi bolus injection in 4 × 5 min frames. PET data were reconstructed and attenuation corrected, and each frame was evaluated to verify adequate count statistics and absence of head motion.
Magnetic resonance imaging was performed on two matched 3.0 T Tim Trio Siemens scanners at the Athinoula A. Martinos Center for Biomedical Imaging in Charlestown, MA, and included a multi-echo MPRAGE processed with FreeSurfer (FS) version 5.1 to identify gray-white and pial surfaces to permit automatic region of interest (ROI) parcellation (Fischl, 2012) . Following previously-described cross-sectional quality control measures (Dagley et al., 2015) , each subjects' MRIs were run through the FS longitudinal processing stream (Reuter et al., 2012) . In the longitudinal processing stream, a temporally-unbiased template is created for each subject based on all MR time points; next, each time point is resampled to this median template space, with the intention of reducing random variability between subject time points and improving sensitivity of analyses. Identical manual quality control of FS recons processed through the longitudinal pipeline was repeated to ensure accuracy of data, including skullstripping, white matter edits, and placement of control points in the templates and longitudinally-processed scans as needed. All 34 cortical thickness ROIs produced by FS using the Desikan-Killiany cortical atlas were utilized in each hemisphere in our analyses, for a total of 68 regions (Desikan et al., 2006) . Further analyses utilized seven volumetric ROIs from the automatic FS segmentation: cortex (total neocortical gray matter), left and right hippocampus, as well as all left and right lateral and inferior lateral ventricles (temporal horn; Fischl et al., 2002) . To evaluate the anatomy of cortical AV-1451 binding, PET scans were rigidly coregistered to the individual's MPRAGE images using SPM8 (Function Imaging Laboratory, Wellcome Department of Cognitive Neurology, London, UK). The ROIs defined by the crosssectional FS analysis at the MRI time point closest to the AV-1451 scan were transformed into the PET native space. AV-1451 data were partial-volume corrected using the Geometric Transfer Matrix (GTM) method (Rousset et al., 1998) using the recently-developed FS implementation (Greve et al., 2016) . AV-1451 signal was expressed in FS ROIs as the standardized uptake value ratio (SUVR), using the FS cerebellar gray ROI as the reference.
Statistical analyses
Statistical analyses were performed in MATLAB R2015A (MathWorks, Inc., Natick, MA) using linear models for cross-sectional analyses and linear mixed-effects models for retrospective longitudinal analyses with subject as a random factor. Thickness was the dependent variable in all analyses. All statistical models included baseline age and sex (interacted with time in retrospective longitudinal analyses) as covariates. Cross-sectional models utilized the longitudinally-processed FS data from the time point closest to the AV-1451 scan for consistency and, additionally, controlled for the temporal lag between the MRI and PET scan. All results were reported at a threshold of p < 0.05, uncorrected, to investigate the pattern of the relationships across the cortex, and FDR-corrected in the tables to confirm which associations survive correction for multiple comparisons.
We evaluated the association of cortical thickness and tau pathology in two ways: locally, i.e., with both measures obtained from the same ROI, and by comparing a single proxy AV-1451 ROI measure to each of cortical thickness measures. We chose the inferior temporal gyrus AV-1451 FS ROI as a proxy for neocortical tau deposition based on previous work with AV-1451-PET Johnson et al., 2016; Mormino et al., 2016; Sepulcre et al., 2016) and neuropathological studies suggesting that inferior, neocortical regions of the temporal lobe are the initial site of tau spread into the neocortex during Braak Stage III (Braak et al., 2006) . Tau pathology increases with advancing age, but autopsy evidence suggests that the spread from MTL to neocortex is associated with the early cognitive impairment of AD ( Braak and Braak, 1997; Hulette et al., 1998; Price and Morris, 1999) . Furthermore, in vivo inferior temporal AV-1451 elevation is associated with clinical symptoms in MCI and AD, and has sufficient variability in the cognitively normal HABS cohort to enable assessment of its relationship with atrophy Sepulcre et al., 2016) . In addition to our two main analyses with local and inferior temporal tau, we have included a supplemental figure and table exploring the relationship between atrophy and entorhinal tau. Elevated AV-1451 in the medial temporal lobes has previously been related to increasing age by other research groups Gordon et al., 2016; Jack et al., 2016; Pontecorvo et al., 2017; Schöll et al., 2016) , and there is some research indicating that entorhinal tau may be more closely associated with higher levels of amyloid than inferior temporal tau burden (Vemuri et al., 2017) . Fig. 1 , Panel A shows the non-partial volume corrected SUVR distribution of AV-1451 across the cortex and Fig. 1, Panel B shows the relationship between cortical amyloid burden, measured with PiB-PET, and AV-1451 signal in each cortical ROI, and reaffirms our use of inferior temporal AV-1451 as an ROI with variability in this sample that is related to AD pathology.
Results
Relevance for preclinical AD
We observed that tau signal was most elevated, as expected, in temporal regions (Fig. 1, Panel A) . We were also interested in the relationship between AV-1451 and amyloid burden, measured with PiB-PET (Fig. 1, Panel B) . The strongest associations were seen between cortical amyloid burden and tau in medial and lateral temporal regions. This figure presents evidence that individuals with highly elevated tau also have elevated amyloid consistent with clinical AD.
Cross-sectional analyses
We observed significant negative relationships between local AV-1451 and concurrent cortical thickness predominantly in medial, inferior, and lateral temporal regions, with weaker but still significant relationships in the cingulate cortex and parietal lobe. (Fig. 2A) , mirroring our earlier report . All significant relationships are listed in Table 2 , column 1. The strongest local relationships were observed in the right fusiform (t(98)=−4.97, p < 0.00001) and inferior temporal cortex (t(98)=−3.92, p < 0.001), and bilateral middle temporal cortices (left: t(98)=−3.71; p < 0.001; right: t(98)=−4.14; p > 0.0001), entorhinal cortices (left: t(98)=−4.18, p < 0.0001; right: t(98)=−3.96, p < 0.001) and temporal poles (left: t(98) =−4.24, p < 0.0001; right: t(98)=−6.40, p < 0.00001).
Next, we investigated the association between inferior temporal AV-1451 signal and cortical thickness across all ROIs. We observed widespread negative relationships across the cortex, indicating that thinner cortical regions were significantly associated with increased inferior temporal tau pathology, especially in regions within the temporal and parietal lobes. (Fig. 2B) . The strongest relationships were found in regions relatively close to the inferior temporal ROI, including the right fusiform (t(98)=−5.53, p < 0.00001), inferior temporal (t(98)=−3.61, p < 0.001), middle temporal (t(98)=−4.96, p < 0.00001), and right inferior parietal (t(98)=−3.82, p < 0.001). Crosssectional relationships between entorhinal tau and cortical thickness across the cortex looks relatively similar to, though less robust than, this inferior temporal tau figure and can be seen in Supplementary  Fig. 2A .
Volumetric analyses found a significant association between temporal AV-1451 and total cortical gray matter volume controlling for intracranial volume (t(97)=−2.93, p=0.0042). No significant associations were found between AV-1451 and hippocampal volume, lateral ventricular volume or inferior lateral ventricular volume (temporal horn). All regions exhibiting a significant relationship with inferior temporal AV-1451 are shown in Table 2 , column 3.
Retrospective longitudinal analyses
We began retrospective longitudinal analyses by looking at the relationship between local AV-1451 and the rate of retrospective longitudinal thinning in the same region. Significant associations between a faster rate of thinning and increased AV-1451 signal were observed in right temporal regions (superior temporal -t(228)=−2.85, p < 0.01, estimate=−0.040 mm/year; middle temporal -t(228)=−3.66, p < 0.001, estimate=−0.043 mm/year; temporal pole -t(228)=−3.74, p < 0.001 estimate =−0.063 mm/year; right fusiform -t(228)=−2.22, p < 0.05, estimate=−0.031 mm/year), with additional significant associations with the left cuneus (t(228)=−2.14, p < 0.05 estimate = −0.019 mm/year) and left banks of the superior temporal sulcus (t(228)=−2.01, p < 0.05, estimate=−0.032 mm/year) (Fig. 2C) . These results are also shown in Table 2 , column 2. The right middle temporal and right temporal pole associations survive an FDR correction for multiple comparisons (p≤0.00090).
Next, we investigated the relationship between inferior temporal AV-1451 and retrospective thinning across the cortex. Longitudinally, faster retrospective thinning and increased inferior temporal AV-1451 were significantly associated predominantly in right temporal regions (middle temporal -t(228)=−2.18, p < 0.05 estimate =−0.029 mm/ year; right fusiform -t(228)=−3.82, p < 0.001, estimate=−0.052 mm/ year), as well as bilateral parahippocampal cortices (left: t(228)=−2.60, p < 0.01, estimate=−0.049 mm/year; right: t(228)=−1.99, p < 0.05, estimate=−0.041 mm/year). (Fig. 2D) . Only the association with the right fusiform survived FDR correction for multiple comparisons (p≤0.00017). Supplementary Fig. 2B shows the retrospective longitudinal associations between entorhinal tau and cortical thickness; again, these relationships are largely observed in the medial and lateral temporal cortices.
Volumetric analyses, controlling for intracranial volume, revealed a significant association between higher AV-1451 and faster expansion of the left inferior lateral ventricle (temporal horn; t(226)=2.14, p < 0.05, estimate=525.77 mm 3 /year) and left lateral ventricle (t(226)=2.22, p < 0.05, estimate=57.879 mm 3 /year). No significant associations were found between inferior temporal AV-1451 and rate of total cortical volume loss, hippocampal volume loss, or expansion of the inferior lateral ventricles. All significant results from retrospective longitudinal analyses with inferior temporal AV-1451 are included in Table 2 , column 4. Following ROI analyses, we wanted to further characterize the relationship between thinning and inferior temporal tau pathology. To do this, we graphed the expected pattern of bilateral parahippocampal thinning at three different levels of inferior temporal AV-1451 signal Cross-sectional models additionally controlled for the date difference between the MRI and PET sessions, while longitudinal models controlled for the interactions of age and sex with time. Panel A shows the significant local associations between cross-sectional cortical thickness and AV-1451 signal, which were observed most strongly in the temporal lobe. Panel B shows the significant associations between cross-sectional cortical thickness and inferior temporal AV-1451 signal. Widespread negative relationships were observed, with the strongest associations in temporal regions. Panel C shows significant local relationships between retrospective longitudinal cortical thinning and AV-1451 signal. Faster retrospective thinning was observed in the presence of higher AV-1451 in the left cuneus and banks of the left superior temporal sulcus, as well as the right superior temporal, middle temporal, fusiform, and temporal pole. Negative relationships surviving FDR correction (p≤0.00090) are observed in the right middle temporal and temporal pole. Panel D shows significant relationships between retrospective longitudinal cortical thinning and inferior temporal AV-1451 signal. Faster retrospective thinning was observed in the presence of higher AV-1451 in the right middle temporal, right fusiform, and bilateral parahippocampal cortices. The relationship in the right fusiform survives FDR correction (p≤0.00017). NeuroImage 157 (2017) 612-622 based on linear mixed model fit (Fig. 3) . This analysis suggests that individuals with higher inferior temporal AV-1451 signal at year 3 of the study had both thinner parahippocampal cortices at study entry and a faster rate of parahippocampal thinning over the first three years of the study.
Discussion
This study explored the association in cognitively normal elderly individuals between cortical thickness and tau pathology, measured in vivo with AV-1451-PET. We examined the relationship between crosssectional AV-1451 and retrospective longitudinal thinning during the three years preceding AV-1451 imaging. We also examined "local" relationships between AV-1451 signal and cortical thickness in the same FreeSurfer-defined ROI and the broader relationship between inferior temporal AV-1451 and atrophy patterns across the brain.
The cross-sectional analyses indicate a widespread negative relationship between AV-1451 signal and thickness, with significant "local" relationships between PET signal and thickness observed primarily in the temporal lobe, similar to what has been seen in previous analyses . As expected, extensive relationships between tau pathology and thickness outside the medial temporal lobes and surrounding neocortex were relatively uncommon in our non-demented participants. Therefore, the lack of variance in AV-1451 signal in more distal regions likely precludes the ability to detect strong relationships between thickness and tau pathology in these areas. These results mirror earlier autopsy studies which found a relationship between NFTs and neurodegeneration in AD patients (Csernansky et al., 2004; Gómez-Isla et al., 1997) .
The aim of using inferior temporal AV-1451 was to test the relationship between cortical thickness throughout the brain and tau pathology in a proxy region of early neocortical tau spread previously shown to be associated with cognitive impairment (Braak and Braak, 1991; Johnson et al., 2016) . We found widespread significant associations between increased inferior temporal AV-1451 signal and thinner cortical ROIs. This relationship was strongest in temporal and parietal regions, in a pattern similar to the atrophy typically seen in AD (Buckner et al., 2005; Dickerson et al., 2009; Sabuncu and Konukoglu, 2014; Thompson et al., 2003) . Furthermore, increased inferior temporal AV-1451 signal was associated with a smaller left hippocampal volume.
These results are largely consistent with similar cross-sectional studies using CSF tau measures, which have demonstrated associations between CSF tau and cortical atrophy measures, including precuneus and AD signature thickness (Alcolea et al., 2015; Wang et al., 2015) , hippocampal volume and radial distance (Apostolova et al., 2010; de Souza et al., 2012; Herukka et al., 2008) and gray matter density in the hippocampus and middle temporal lobe (Thomann et al., 2009) . However, it is noteworthy that many of these studies included participants both with and without impairment, and not all studies reported significant relationships in all clinical groups. Additionally, other studies have failed to find a significant relationship between cross-sectional thickness and CSF tau measures (Ossenkoppele et al., 2015; Tosun et al., 2011) . Broadly, the findings here do support a negative association between cross-sectional cortical thickness and cross-sectional PET-based measurements of tau pathology.
Unlike the effects for cross-sectional thickness, we did not observe widespread relationships between longitudinal rates of retrospective cortical thinning and inferior temporal AV-1451 binding. Local relationships between faster thinning and higher PET signal were seen in right lateral temporal lobe regions, as well as in the left cuneus and the banks of the left superior temporal sulcus. Inferior temporal AV-1451 was related to retrospective thinning in right temporal regions and bilateral parahippocampal cortices. The most robust association between inferior temporal AV-1451 and retrospective longitudinal cortical thinning was observed in the right fusiform, which survives an FDR comparison for multiple corrections. Somewhat surprisingly, parahippocampal AV-1451 did not significantly predict retrospective longitudinal parahippocampal thinning. However, this may be due to a mixture of weaker AV-1451 signal properties in the parahippocampus relative to the inferior temporal cortex and a more complex pathological picture of tau pathology due to both AD and non-AD sources. Consistent with this, inferior temporal AV-1451 was associated with rates of parahippocampal thinning retrospectively. It will be interesting to see if this pattern holds up, and if tau in later Braak stages predicts atrophy in earlier Braak stages.
Longitudinal imaging studies using CSF tau have found similar results. They have shown a relationship between baseline CSF tau measures and rates of hippocampal atrophy in AD, MCI, and CN groups (Hampel et al., 2005; Henneman et al., 2009) , and in MCI subjects, between baseline CSF tau and rates of thinning in medial and lateral temporal regions (Tosun et al., 2011) . These anatomical regions are consistent with the findings of the present study.
The retrospective nature of the longitudinal analyses and the limited length of follow-up may help explain the observation that tau burden and cortical thickness were more robustly associated in cross-sectional as compared to retrospective longitudinal analyses. Perhaps cross-sectional thickness is indicative of many years of slow or nonlinear atrophy collapsed into a single measure, but it is also possible that certain subjects have simply had a thinner cortex their entire lives, making them more susceptible to tau pathology. Overall, however, these results show that smaller cortical ROIs crosssectionally are not always indicative of a faster rate of change in these regions over three years, at least in relation to regional tau pathology. We cannot yet tell if tau is reflective of atrophy and/or driving atrophy. If tau pathology precedes (and perhaps drives) atrophy, we would expect that longitudinal analyses using prospective longitudinal structural MR data would be more robust than the retrospective effects reported here. If thinning precedes tau pathology, we would have expected to see stronger relationships between retrospective thinning and AV-1451 signal, but given the presence of some modest effects and without prospective data to compare against, it is difficult to speculate. Questions regarding the simulta- Fig. 3 . This graph maps the rate of retrospective thinning expected in the bilateral parahippocampal cortices based on linear mixed-effects models, controlling for age and sex, both interacted with time, for three levels of inferior temporal AV-1451 signal (1.00, 1.45, and 1.9 in partial volume corrected units). With increasing levels of AV-1451, we would expect a participant to have both a faster rate of retrospective thinning and thinner cortices at baseline. neous longitudinal trajectories of atrophy and tau will necessitate longitudinal AV-1451 imaging, and we are planning future investigations into this question once longitudinal AV-1451 data is available in this sample.
Additionally, because all participants began the study cognitively normal, in this context it is perhaps not surprising that highly elevated AV-1451 signal and/or steep decreases in thickness were not observed over the three-year follow-up period. In general, the less robust findings between retrospective longitudinal and cross-sectional analyses does serve as a caution against labeling cross-sectional anatomical measures as "atrophy" or "neurodegeneration," particularly in datasets comprised of relatively unimpaired individuals with putatively low pathologic burdens.
Furthermore, as the AV-1451 PET data used here are crosssectional and concurrent with the last MRI, tau burden at study entry is not known, nor is the rate of tau accumulation in the years preceding AV-1451 imaging. Longitudinal CSF studies have used prospective MR data relative to baseline CSF tau, and have found associations with similar regions in the temporal lobe (Hampel et al., 2005; Henneman et al., 2009; Tosun et al., 2011) , but the association between atrophy and baseline regional tau pathology remains to be investigated. Such prospective assessments will be particularly critical in determining the temporal relationship between tau accumulation and atrophy, and the extent to which high AV-1451 signal is predictive of impending local and global neurodegeneration.
Notably, the analyses presented here used partial-volume corrected AV-1451 data, and the use of partial volume correction was necessary to observe robust, significant associations between AV-1451 binding and atrophy. We propose that this is due to the measurement properties of PET data, as a higher degree of PET signal loss to adjacent CSF likely leads to underestimates of tau pathology in individuals with thinner cortical ROIs, and vice versa. Partial volume correction seeks to improve assignment of PET signal to its proper tissue type, mitigating this confound and allowing us to observe a relationship between higher tau pathology and faster temporal thinning. This study also examines a limited range of tau pathology as our cohort includes only cognitively intact participants. Though it is notable that such relationships can be seen between atrophy and tau in a cognitively normal cohort, further follow-up to compare progressors to AD dementia versus non-progressors is necessary to elucidate the relationship between tau, longitudinal atrophy, and progression to a clinical diagnosis.
This study shows that retrospective rates of neurodegeneration in right middle temporal, right fusiform, and bilateral parahippocampus as well as ventricular expansion in the left lateral ventricle and left inferior lateral ventricle (temporal horn) are related to concurrent inferior temporal AV-1451 signal, though only right fusiform survives multiple comparison correction. In terms of local AV-1451 signal, retrospective neurodegeneration was observed in the left banks of the superior temporal sulcus, left cuneus, right fusiform, right middle temporal, right superior temporal, and right temporal pole, though only right middle temporal and right temporal pole survived correction for multiple comparisons. These findings are an important first step toward elucidating the anatomic and temporal evolution of tau pathology and atrophy in aging and preclinical AD, and reveal the presence of modest relationship between regional retrospective cortical thinning and concurrent AV-1451 signal. This was largely impossible prior to the advent of in vivo tau imaging methods, and can now be studied further. Additional studies will be needed to see how this relationship may change with prospective data, and how this relationship may be changed relative to cognitive impairment. Looking forward, there may be implications for clinical trials. If this relationship is borne out in prospective studies, this may indicate that being able to decrease the accumulation of tau pathology may be able to halt or slow cortical thinning, and, in turn, perhaps prevent or slow cognitive decline.
